VARI ABLE FOCUS LENS AND OPTI CAL DEVI CE USI NG THE SAME
AS WELL AS METHOD OF MANUFACTURI NG VARI ABLE FOCUS
LENS CROSS REFERENCES TO RELATED APPLI CATI ONS The
present invention contains subject matter related to
Japanese Patent Application JP 2005-106524 filed in
the Japanese Patent O fice on April 1, 2005, the
entire contents of which being incorporated herein by
VAREREGLENeeCU BAGKGERANNDOOE: THE DINMENT UGENG FT ek dsAdE tHye WELL AS
I nvention: The present invention relates to a variable
focus | engrand oanviaytraluriee CRRUSETR) Hdwus kens, and
to a method of manufacturing a variable focus |ens,

by using atrederEreweltisgro pinamenapry Reseron i on of
the Related Art: Devel opnent of a variable focus |ens

devi el t Pabsdisesi At Qe cddmwetti RALRRERONBRGB | Selated to
di scl osed in a Patent Document of Japanese
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19539 (hereinafter refer to Docunent 1, correspondi ng
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iature cameras”, ysi ¢S Letters, Vol. 85,

No. 7, 16 August %g%? c ALl -;ﬁﬁg¥&q ei nafter
refer_to pbcuné% $pU%BAO%a$$%b e oc%@ | ens
Figfécéfk¥¥%lf%v%gggogf the above-

The present invention relates to a variable focus lens and

an optical device wusing this lens, and to a methed of
manufacturing a variable focus lens, by using an electrowetting
phencmenon.

Descripticn of the Related Art:

Development of a variable focus lens device that uses the
electrowetting phenomencon is disclosed in a Patent Document of
Japanese Translation of PCT Internaticnal Application Neo. 2001~
519539 (heyeinafter refer to Document 1, corresponding to United
States Published Patent Application No. US2005/0002113A1), and
in another document: S. Kuiperet al., “Wariable-focus liquid
lens for miniature cameras”, Applied Physics Letters, Vol. 85,
No. 7, 16 August 2004, pp. 1128-1130 (hereinafter refer +to

Document 2).



descri bed docunents is explained wwth reference to a
schemati ¢ sectional constitutional view of FIG 1.

This variable focus |l ens has a basic structure in

which a container 10 of a cylindrical shape or the

like is filled wth a |ight-transm ssible conductive
l[iquid material portion | and a |ight-transm ssible
insulative liquid material portion 2 that does not

m x av vhrihiel abaveuand ehBatddms idvedi fier eatn r eftr agdd Vebove-
i ndex and the sane density (specific gravity). A first

degtefbd0dcdienits fier eRgdibonéde WUlSide fre@lbalo a schematic
internal wall of the container, covering one end

scBOI&AAN ddhereet i8R a dheloectrie 1111 m 32 is forned
i nside thereof. The end portion of the container 10

on the sShaeiayer %gc@y 146 fdSts %aes%r Qdeuédutd in which a
fixed liquidtightly (a hernetically-seal ed state not

cohPai fRAK 14 'O‘fubdkyﬂﬂ&ﬁzéﬂ %I?ltagy apsmssi hle 1@“.&5&@!31 with a

portion 11 made of (gl ass -transmssible resin
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film 32 is formed inside thereof. The end porticn of the
container 10 on the side covered by the first electrode 21 is
fixed liquidtightly (& hermetically-sealed state not to leak
liguid) with a light-transmissible material portion 11 made of
glass, light-transmissible resin or the like, and a so-called
bottom surface formed by this light-transmissible material
portion 11 and the dielectric film 32 on the internal wall of
the container 10 are covered and coated with a water-repellent
material portion 23 called a water-repellent ccat.

Then, on one end portieon of the container 10 in contact

with the conductive liguid material portion 1, namely on a 1lid-
side portion, for example, 1s provided a ring-shaped second

electrode 24, and a light-transmissible material portion 12 made

of glass, light-transmissible resin or the like 1is fixed




liquidtightly (a hernmeti cal. |ly- sealed state not to
| eak liquid) through a hydrophilic nmaterial portion
25 call ed hydrophilic coat. The edge portion of the
ri ng-shaped second el ectrode 24 described above is
extended and fornmed to cover the outer

circunferential surface of this light-transm ssible
material portion 12. Further, regarding the first
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and cal di st nce can pbe changed. Explanation wl|
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R ied to the flrst and second el ectrodes 21 and 22,
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ortion 1 and insulative liquid material portion 2
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and 2 filled and the internal surface of the
With the above structure, on applying suitable voltage to

the first electrode 21 and second electrode 24 by voltage
applying means 40a, curvature of an interface between the
conductive liquid material portion 1 and the insulative liquid
material portion 2 is changed. By means of this, lens action for

light entered as shown with an arrow Li from the outside of the
light~transmissible material portion 11 is changed, and a focal
distance can be changed.

Explanation will be given about this, at first, when
voltage is not applied to the first and second electrodes 21 and
22, an interface between the conductive ligquid material portion
1 and insulative liquid material portion 2 becomes a part of a
spherical surface of a certain radius, as shown in FIG. 1, by
the balance of the surface tensions of the liquid material

portions 1 and 2 filled and the internal surface of the



3 container 10. For exanple, when salt water is used
as the conductive liquid material portion I and
silicon oil is used as the insulative liquid materi al
portion 2, the interface beconmes such that the water
(conductive liquid material portion 1) has a convex
shape, as shown in FIG 1. Then, when voltage is
appl i ed between the first and second electrodes 21

cotfigdr a%.lfropettalbhit v yreh BQ§1§QQQHQP Vg Ligdi ds  the

material portion | were Inproved (this phenonenon iIs
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11 dthe light js emitted.fr the other |l.id,
nangﬁfnfrgHFPhgo%+%ﬁﬁ-??5%?&??@?%?5“%3%éﬂﬁhﬁtrEErFPSnsecond
12 i th I ens, ef fect being, caused hy the difference
el?%ﬁrc\ﬁ?eg r%L r 2060 \/Jeqfl naex lgng ”’Eehtéat]?dllégt’ur &fofthe conductive
.interface pbetween the liquids 1 and 2, and with the '
Li gty alar e bl | ROSFEGEe Tof "THR  IFPEAFES HEPAG GlRERGEgnon is
because of_ the electromettin%§mhen voltage is
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as shown in FIG 2A a contact angle between the o
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32 is 00 when voltage is not applied, on the other
n@Qﬁﬁﬂil &Sr&dR6ewaE ilnand 2 changes such that a curvature radius

of the interface becomes large as shown in FIG. 2, for example.

Then, when light enters as shown with an arrow Li from a
lid on one side of the container 10, namely from the light-
transmissible material portion 11 and the light is emitted from
the other 1lid, namely from the light-transmissible material
portion 12, with a lens effect being caused by the difference in
the refractive index and the curvature of interface between the
ligquids 1 and 2, and with the curvature of interface of the
liquids being changed because of the electrowetting when voltage
is applied, the focal distance is changed.

For example, as shown in FIG. Z2A, a contact angle between
the conductive material portion 1 and the dielectric film 32 is
60 when voltage 1is not applied, on the other hand, as shown in

FIG. 2B, when voltage V is applied, the contact angle ©(V)




FIG 2B, when voltage V is applied, the contact angle
AV) 4 becones small, and the curvature of the
interface between both the |Iiquids changes- In FIGS.
2A and 2B, the sanme nunerals are given to the
portions corresponding to those in FIG | and the
repetitive explanation thereof is omtted. SUMVARY OF
THE I NVENTION I n a variable focus | ens disclosed in
begawhsobné he adoyethadeservdivredadunent sintdnifeeevoktagen both
needs to be approximately 100V or nore, and so it is
thpr ddgutds | ghahiddd.cuit BIsshe 2dsechd ZEi shies scausedmbyals are
difficulty in formng a dielectric filmto be
giwAhf eontye t ot iond heo eonipanaengt bat teest ak ASFIG Aul dand the
constituting the variable focus | ens. Hereinafter,

repaplanad iecapl anhkl oher nasle r egaefli Bgedhe above. The
change in the interface of the conductive Iiquid and

the insulative |iguirdaks shawy witrbnthen f ol | ow ng
Equation (1) (refer to the above-descri bed Docunent

2). ESevaA RO Ld st FerBON 2 62edY)in Eddh ¥REFRe above-

S: contact angle fornmed by a conductive |iquid

deSBEBrd Al goantkan,i nkernal ywallof ac.gant@l ngk, a¥§90x1mately
interfacial tension between an’insulative Iiquid

106t 8L ﬁbrépdakﬁe ' ntecrnfé iﬂ\@éétﬂ:faltl@/e cﬁq{}_tléyuﬁ%r ’toY%'e used.
This is caused by difficulty in forming a dielectric film to be
uniformly  thin in the container  that contains liquid
constituting the variable focus lens. Hereinafter, explanation
will be made regarding the above.

The change in the interface of the conductive liquid and
the insulative liquid is shown with the following Equation (1)
{refer to the above-described Document 2).

COS 8 =(yso~Ys1)/y + €-£0-V?/(2-1y} =+ ++ (1)

where,

B: contact angle formed by a conductive liquid material
and an internal wall of a container,

yso: interfacial tension between an insulative liquid
material and the internal wall of the container,

vsi: interfacial tension between the conductive ligquid
material and the internal wall of the container,

y: interfacial tension between the conductive liquid

material and the insulative liquid material,




interfacial tension between the conductive liquid
material and the internal wall of the container, Y:
interfacial tension between the conductive liquid
material and the insulative liquid material, 5 F_:
relative permttivity of a dielectric filmfornmed on
the internal wall of the container, FO: permttivity
in a vacuum |: filmthickness of a dielectric film

V: appl iedavpbd age nkhe JEquat L en (éi?iahécéﬁi(% a;l,flf\g?rgh\fﬁgiljr?ed on

reference to a schematic view o

endl eLestiip fmo32.And. ane yar - repel lent materi al

portion 23 are formed on an eléctrode 31, a liquid

dr op, @f é}%ﬁ%%%i%’lﬁ Jiguwd material portion 1 is

pl aced t'hereon, an e contact angle is 00. \Wen

vol tage-.\ i . | ed between the.electrode 31 and the
con UC?Pég{ﬁhéggggé%ﬁFgﬁ aleBSF fon gﬁ%? a vol tage

i qu
applyin ortion. 40, the contact angle of the
conaﬁctl&giﬁﬁqﬁ?at%%ﬁEriaI 1 changes to be $(V),

sat i sfyi 9(V) < The interfacial tension _and
surﬁg%e E%%?&&ﬁnmhggjvoffag%Xp %”ﬁﬁbIWéﬁgaréeference to a
schematically shown in FfG 4, Specifically, with the
¢ it on” ¥ ,ofh’él%'ha gelbf Bl ot dERLefigliE oFf Flg iy and a
by the caonductive |liquid material and the interna
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31, a liquid drop of the conductive liguid material portion 1 is
placed thereon, and the contact angle is 80. When voltage V is
applied between the electrode 31 and the conductive liquid
material portion 1 by a voltage applying portion 40, the contact
angle of the conductive liquid material 1 changes to be 6(V),
satisfying 8 (V) < 80.

The interfacial tension and surface tension when voltage
is applied are schematically shown in FIG. 4.

Specifically, with the Equation (1), the change of a
contact angle 8 formed by the conductive 1liquid material and the
internal wall of the container occurs in proportion to
permittivity e of a dielectric film and the square of drive
voltage V and in inverse proportion to a film thickness 1 of the
dielectric film. Therefore, it is understood that if the
permittivity ¢ of the dielectric film can be made high and the
film thickness 1 can be made thin, drive voltage that causes the

same change of the focal distance can be reduced.



permttivity of a dielectric filmand the square of
drive voltage V and in inverse proportion to a film
thickness 1 of the dielectric film Therefore, it is
understood that if the permttivity s of the
dielectric filmcan be nmade high and the film

thi ckness 1 can be made thin, drive voltage that
causes the sane change of the focal distance can be
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A varlable focus |l ens accordlng to_an enbodi ment
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diéiec%gggcéﬂggafllm due to the above-described reasons.

Therefore, it is desirable to provide a variable focus
lens and an optical device including the same in which drive
voltage of the variable focus lens is reduced, and to provide a
comparatively simpiified method of manufacturing the variable
focus lens.

A variable focus lens according to an embodiment of the
present invention includes: a container where a conductive
liquid material portion and an insulative liguid material
portion are contained; a first electrode which applies voltage
to the conductive liguid material portion through a dielectric
layer; and a second electrode which directly contacts with the
conductive liguid material portion, in which the dielectric
layer is an anodized portion made of a metal oxide formed by

anodizing the first electrode.




liquid material portion and an insulative liquid
material portion are contained; a first electrode
whi ch applies voltage to the conductive |iquid
mat erial portion through a dielectric layer; and a
second el ectrode which directly contacts with the
conductive liquid material portion, in which the
dielectric |layer is an anodi zed portion made of a
met durgiede faor med oyl dleodirzi agcoheidg rs¢ eheembodenent of
7 Further, an optical device according to an
thenpodisapnt igfventhenpriesémtiesnentd omarhebldeSLoassa lens the
vari able focus lens the variable focus |ens according
vatopahiwe above-ldescricbeddényodo nend  alodvd - sprrdgent embodiment
i nvention. Further, a nethod of manufacturing a
of viga alesehacusveéenson.according to an enbodi nent of the
present invention at -least includes the steps of:
f or mMurgharf i BSteehedt b@daahQfaceoia Nervadidble focus lens
anodi zing at | east the surface thereof to form an
acehaliingedto POht kaBLdCREkAI BENGHd GARAWSET Vg Jdriied at least
material portion and an insulative liquid materi al
indlaidd=0nhien stBBsCORt aEHBhinANd fi0fM BAec@rSEE0RE a container
el ectrode that electrically conducts to the conductive

and | EHHL ARl Tral1 RAkT k@B. NS rdesCrhbact aboyesrs il 10e, 041 zeq
vari abl e focus |l ens and the nmethod of nanufacturing
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invention, a netal oxide formed by anodi zi ng an
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focus lens” that was used in relate egar di ng
a §éﬁ%n@nQQb%%goBQr£ﬁ9@ electrically conducts to the conductive

liquid material portion.

As described above, in the wvariable focus lens and the
method of manufacturing thereof according to embodiments of the
present invention, a metal oxide formed by anodizing an
electrode is used as a dielectric film in a wvariable focus lens
that was used in related art. Regarding the anodized portion
made of a metal oxide, the film thickness thereof can be
adjusted easily and accurately by adjusting voltage to be
applied.

Specifically, various materials can be used, with which
oxides of comparatively high permittivity, such as an alumina,
tantalum pentoxide film and the like formed by anodizing metals
of aluminum, tantalum and the like are obtained. As described

above, by using an anocdized portion which is highly insulated




made of a netal oxide, the filmthickness thereof can
be adjusted easily and accurately by adjusting
voltage to be applied. Specifically, various
materials can be used, with which oxides of
conparatively high permttivity, such as an al um na,
tantal um pentoxide filmand the |ike fornmed by

anodi zing netals of alumnum tantalumand the |ike

andr @aebtaihigt. pAsmdesivihedanabavese byl s id RRess is easily
anodi zed portion which is highly insulated 8 and has a

refiigha pey M tdiielietcy rands RS e drid iRdlibGkness 91108 li¥ive can
reduced as a dielectric film considerably |Iow voltage

bedeb¥eitaal be obtai ned. BRI EF DESCRI PTI ON OF THE

DRAWNGS FIG 1 is a schematic sectiona

constit uti onagr MiEWrseRIWrAGY adr oXAHERkica variable
focus lens of related art; FIGS. 2A and 2B are

SChQﬂﬁiiClseggiOQalsﬁﬂﬁﬁﬁﬁkyt%@E%%oﬁg WSe0 QEu%ESPal view

whi ch shows an exanple of a variable focus |ens

shé@ir‘ﬂi eaQ) %&tainggéebfa‘a '@aﬁa%ﬁ%e%%hgng%(@é (a)c{ptr%rl)étggie J‘ét,'

showt ng the ange of a contac a varrab
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vi ew showing a contact™ angle o varia f ocu

) re e rt.:. Fl is a schemati sectionai
Vl(%Ic’)sn’steli o idoofﬁa hlvﬁhev%hogﬁovﬂnnéexgm grgi §%I 8 f8EnePtenkocus lens

of@&ﬁ%ﬁ%ﬁhgrEQ an. enbodi nent of the present invention;

FIG. 3 is a schematic explanatory view showing the change
of a contact angle of a variable focus lens of related art;

FIG. 4 is an explanatory view showing a contact angle of a
variable focus lens of related art:

FIG. 5 1is a schematic sectional constitutional view
showing a variable focus lens according to an embodiment of the
present invention;

FIG. 6 1is a schematic sectional constitutional view
showing a Yariable focus lens according to an embodiment of the
present lnventicn; and

FIG. 7 1is a schematic sectional constitutional view
showing a variable focus lens according to an embodiment of the
present invention.

DESCRIFPTICON OF THE PREFERRED EMBODIMENTS




FIG 6 is a schematic sectional constitutional view
showi ng a variable focus I ens according to an

enbodi mrent of the present invention; and FIG 7 is a
schematic sectional constitutional view show ng a

vari able focus | ens according to an enbodi nent of the
present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS 9 Hereinafter, enbodi nents for carrying

out fheiifaventi O%Md%m%ﬁglsa'fggd’cal}‘}‘fﬁ%%r odtheRE €389knt  on

invention is not limted to the fol Ffow ng

ar€Nhogi BN 8. 1 SEhodipent, of o &Vﬁwe%'l%nf q%U%ogegf%ted to

accor di ng tO t he present "1 nventl on 1s exp al ne

thgeﬁgjf gt%mgog gneLic sectional constitutiona

Vi ew o s variable focus | ens has al npst
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f ocus Iens el ated ar i ncrudes,

d_of the diel ect i di |
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rface,_.of a first, el ect g %1 In FIG 5, the
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the nunerals _to be shown. thi s enmbodi nent
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fron1the |nternal wal | of a container 10 nmade of

the FRAVRTSFRLARERT | WGP IQy IToRERI Lats Hapeletethert| k% FIG. 1,
coverin one end portlon thereof. In the present

and n{BREFERE . f RS LRBGANDE e thEhd il PEREEC off ilfle 32nt eithagnodized

wal | side of the container
portion 22 made of a metal oxide formed by anodizing the surface

of a first electrode 21. In FIG. 5, the portions corresponding
to those in FIG. 1 are given the same numerals to be shown.

In this embodiment also, the first electrode 21 is formed
to the outside from the internal wall of a container 10 made of
an insulative material of c¢ylindrical shape or the like,
covering one end porticn thereof. In the present invention, for
example, the surface on the internal wall side of the container
1¢ 1is anodized to be the anodized portion 22 having a
predetermined permittivity.

The end portion of the container 10 on the side covered by
the first electrode 21 is fixed by means of, for example, cpoxy
resin and the like liquidtightly (a hermetically-sealed state
not to leak liquid) with a circular light-transmissible material
portion 11 made of glass, light-transmissible resin cor the like,

and a so-called ©Dbottom surface formed by this light-

10



10 i s anodi zed to be the anodi zed portion 22 having a

predeterm ned permttivity. The end portion of the

contai ner 10 on the side covered by the first

electrode 21 is fixed by neans of, for exanple, epoxy

resin and the like liquidtightly (a

hernetically-sealed state not to leak liquid) with a

circular light-transm ssible material portion 11 rmade
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a so-called bottomsurface formed by this light 10
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film32 on the internal wall of the container 10 are
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portion 23 called a water- repellent coat. The
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material p Ided a ring- shaped second

mateelrel%tl.rol%%r%g' nf oy example, . and f‘i&ﬂ%@feﬁsm‘gé%fé' bl & erial
materi at portion 12 nade of gl ass;] 1ight-

transm.ssible resi.n or. the like is fixed liquidtightly
portd A T AR Pl e bl et Rt Sh e ok | Maur o)

(I oHah oo, hdr ORI ¢ mter LAl BYEIio.230°2h ! Snact. witn
the conductive liquid material portion 1 is provided a ring-
shaped second electrode 24, for example, and a light-
transmissible material portion 12 made of glass, light-
transmissible resin or the 1like is fixed liguidtightly (a
hermetically-sealed state not to 1leak liguid) through =2
hydrophilic material portion 25 called hydrophilic coat. In this
embodiment also, the edge portion of the ring-shaped second
electrode =24 is extended and formed to cover the outer
circumferential surface of this light-transmissible material
portion 12. In the case where the second slectrode 24 1s made of
a light-transmissible material, the electrode may be circular
instead of heing ring-shaped.

Note that, in the «c¢ase where the light-transmissible

material portion 12 is made of glass and the internal surface
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enbodi nent al so, the edge portion of the ring-shaped

second electrode 24 is extended and fornmed to cover

the outer ~circunferential surface of this

light-transm ssible material portion 12. In the case

where the second el ectrode 24 is made of a |ight

-transm ssible material, the electrode may be circul ar

i nstead of being ring-shaped. Note that, in the case
thettepé tike clieghtdt tanswiissabh ehydmdperilalcipgr t ithle b dirsphilic

made of glass and the internal surface 11 thereof is
mackedaddodx imai Bthamayhyde aphineedietly, t he hydrophilic

mat erial portion 25 nay not be needed. Further in this

caseratdmr thre thistceieciragde 2e hebra slédttdddlee 31N has a

whi ch the end portion on the internal surface side of
stithetepat i neicl) e phevipdedi sepat atred yidtamattheuefdee side

portion of the container 10 where the second

ofekaet Eoflea Ao d SLEAMIANYRE I dekUsERRFat dIRE FAdkSthe end portion
el ectrode 21 on the outside of the container 10 and

oft ReeSeeRnsli @ £Cl§ O 24 Ak IR QU @1 CkheHaT 8 eRki 8kranged.
surface of the light-transm ssible material portion 12

rulffer CONNECHE +t Q13¥0LEATE: aRP!I NG R HO0R F40nWNEE R i ner
applles voltage thereto. Then, in the variable focus

10! &S a&@@rgé?cgnéoeaect%@&dbﬁm% of & h%u@é?s%qtrcumfere tial

|nvent|on um num or tantalum for exanp e, IS use
or
e | shecl BRS Al MEN, ! patet st da O e

coﬁﬁ%ﬁéﬂ&“@opgng8¥£QSe(TEE%}png bo§£95ntb§ &hfg% applies voltage

COﬂStItUtIn

thereto.

Then, in the variable focus lens according to an
embodiment of the present invention, aluminum or tantalum, for
example, is used as the first electrode 21, which 1is anodized
to form the anodized portion 22 made of alumina {Al,03) f£ilm,
tantalum pentoxide (Tay0s) film or the like, constituting a
dielectric film in a variable focus lens of related art.
Accordingly, high insulation can be obtained with high
permittivity and considerably thin coating.

As a material of the first electrode 21, other than thes
above, wvarious metals such as niocbium, hafnium and titanium
capable of being anodized to form a metal oxide of high
permittivity may be used.

An embodiment of a method of manufacturing a wvariable

focus lens of the present invention is explained, in the case

12



dielectric filmin a variable focus |lens of rel ated

art. Accordingly, high insulation can be obtai ned

with high permttivity and considerably thin coating.

As a material of the first electrode 21, other than

the above, various nmetals such as niobium hafnium

and titanium capable of being anodized to forma

netal oxide of high permttivity my be used. An
whenbodimenturofisa uzetihed eh shnofacdaimatgrasvaehabhie anodized

focus Il ens of the present invention is explained, in
tot hercase Eodheee partiadnim2 sadsedf asargdn l@repbh0deide .

material and is anodized to formthe anodi zed portion

22 mEdetof fadi akhe perleoxkde. wH I Sbf fUHIM EBGtainer 10 of

internal wall of the container 10 of <cylindrica
cyShapel ) thepki Ke, t1eoviendaNd cenereng fof tdren phewakd Boward a

part of the outside of the container 10 which becones

paBf 3f €Bhe WBEEEI AN &F echd 0dent Sidakem oMl E@&h@éﬂﬁn area
thin filmis formed by sputtering or the like with a

wh fAdCianicdhibeknessacapable of cavahdhngniReriim is formed
occurrence of pinholes. Alternatively, the container

by B Neg ntetHg ffﬂg;yl%ﬂ‘Qrsgkgf%léH%:%%ﬁckﬁggg’c&%@ﬁﬁe of

t he |nternal wal of the container 10 1s soa

av@icagtgro'yﬁ&e oéc&mseqtt%“ @C'?hﬁﬁ?ﬂ‘ft"i@ce v%llé/ the

anodi“zed Then, after t hat transm ss

rﬁ@a‘r%“ almp Lign dhd s+ Lxgd t%xﬂ“'feakhp Pﬂeé%}i ‘o one

netlcal seale state no
enng;tt hS f haezrll%ﬁze%gag Df S% dc% C%\c/}% ggnerby%(gdls soaked
first elec r Yernal® surface coa

in el%gtrolyte of phosphorlc acid or the like, and is anodized.

Then, after that, the light-transmissible material portion
11 is fixed liquidtightly (a hermetically-sealed state not to
leak liguid) to one end of the container 10 on the side covered
by the first electrode 21, the internal surface is coated with
the water-repellent material portion 23, and the insulative
liquid material portion 2 and the conductive liquid material
pertion 1 are injected inside. Then, after coating the surface
with  the hydrophilic material portion 25, the light-
transmissible material portion 12, to which the second electrode
24 having the above~described shape is deposited by sputtering
or the 1like, is fixed to obtain a variable focus lens having a
structure of the present inventiocn.

As in a variable focus lens of related art, in the case

where the dielectric film is formed by a vacuum deposition

13



the water-repellent material portion 23, and the
insulative liquid material portion 2 and the
conductive liquid nmaterial portion 1 are injected

i nside. Then, after coating the surface wth the
hydrophilic material portion 25, the |ight-

transm ssible material portion 12, to which the second
el ectrode 24 having the above-described shape is

me@ﬁ@@s' treehely, SR IEId NG g, orcﬁﬂje(bﬁgﬁlcéﬁ hixgd R OSlthl‘l}

obtain a variable focus Iens having a structure

spmec@g@sgﬂt th@vmeonanA@lg A YAriabke focys Lfafl@éd as a

related art, in the case ere the dielectric

baggrrmﬁké£éf%r Cu% geQPS|%E89t13 tho?&nﬁ?ﬂ?'Xﬂay cause a

sputtering, em cal” Vapor Depos

dlgEégf%ﬁgqn%%kEE%nhl%%%ﬁﬁgrelgﬁthpq? Q&%Q tO %e formed with

prOV| as a base Fefore, SUCh & def ect

LR B S 2 chgtectii eatgom, Futher, ..,

m hee be forned
on the intern of the cont, |ner e si nce

HOYRE T nhibt e i g£%a§up§° Su&édeﬁgﬁ Hdﬁﬁﬁ”ﬁ%PW§§JQ§&P9a6€1 the

ndi ti on, of ase, that is, of the electrode t he
sufﬁ %?n%%rédjotfloﬂ’l ecf cthY P379'm Hidddst S0 BE Fafge ?%tmde' the

revent that, .and it is difficult to |lower the drive
thig oFt&iFe HeOrdisrg 6 hEM BfEEEi BR Pe) 1aFeft herPrewent that

| arger the thickness of the dielectric film becones,

and het it e iffdvanteds LeNEE e gtciie veHFags eRgording to the

i nterface between the conductive liquid materi al
Eq%ﬁﬁ%qnoﬁli and the insulative liquid material portion

2 does not becone a _
Further, the larger the thickness of the dielectric film

becomes, the more unevenness tends to occur, and so the
interface between the conductive liquid material portion 1 and
the insulative liguid material portion 2 does not become a
spherical shape alsoc according to the above-described Equation
(1}, a favorable curvature of the lens is not obtained, and the
optical guality may deteriocrate.

On the other hand, according to the embodiment of the
present invention, not the whole metal thin film of tantalum or
the like is anodized and a part of which is preserved as metal,
and therefore the remaining metal tantalum layer can be used as
the first electreode as it is.

In other woxrds, since only the surface of the metal that

becomes the electrode is anodized to be the dielectric film,
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spherical shape al so according to the above-descri bed
Equation (1), a favorable curvature of the lens is
not obtained, and the optical quality may
deteriorate. On the other hand, according to the
enbodi nent of the present invention, not the whole
metal thin filmof tantalumor the like is anodized
and a part of which is preserved as netal, and

thtbeeefoiEl he peAmbId NgsMplbal deaat-akum L AYETe HEANe D% has an
used as the first electrode as it is. I n other words,

ad$hACEgON Y Hhagsurtace afathe r{%teabléb@étmbﬁ%%%%dwﬁ

electrode is anodi zed to be the dielectric fil

t hearatireal | yh?vamgnhﬁl)@rea?séwt igengnated andth@e ggac@ss of

has an advantage of beling strong agal nst the

chghfiﬁj:t {4 € 0r egkdown,, sfeurt I'kﬁg NAWingg! BSE@??Igld énb%comes a

ume in the process of nging into

deb b ?Exg égdt98r558812%%25899§§n, arﬁi&ngﬁ?f'éwﬁ%&qhee of the

anodi zed portion, and occurrence o

plﬁgg¥§exﬁp@£r9%£§gogE&;hernnre if a nmateri al of th\e\,hen

contal ner ase 1S an I nsul ati ve materi al

a hna erial., f tanta

ter u ke is for
et RECdel & 107 29 ?53 %wa%%meofcaﬂnebeeva base
i there i ittle pin efecé in the netal
f

film
i5 i SERHT T ke sﬁd % g At BEECHORS fipt tantaiun or
| bl tical Furt h
thQ R e FBERFT G o bkt GoBeohBt SO 1 PR ol Nauld not

fornmati on vo tage in the netal oxide fornmed b

oo ER (Hon I HE MhUI2Ed [foPi PB DAGHSEd Ln the metal film

of tantalum or the like, and the defect does not become a

t

problem on the practical wuse. Furthermore, since dielectric
breakdown does not occur until the formation voltage in the
metal oxide formed by anodization, the anodized portion obtained
also has the effectiveness that the dielectric breakdown
strength is high.

Note that, thickness of the film formed by the anodization
depends on the formation voltage. For example, in the case where
tantalum is used, it 1is approximately 1.8nm for 1V of the
formation voltage, theoretically. In addition, the film
thickness becomes uniform because the film is anodized by liguid
immersion. Specifically, even if film thickness is uneven in the
metal film of tantalum or the like formed first, +the film
thickness of the anodized portion iz uniform and therefore the

curvature of lens can favorably be maintained to be spherical,
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al so has the effectiveness that the dielectric
breakdown strength is high. Note that, thickness of
the filmformed by the anodi zation depends on the
formati on voltage. For exanple, in the case where
tantalumis used, it is approximtely 1.8nmfor 1V of
the formation voltage, theoretically. In addition,
the f ilm thickness beconmes uniform because the film

aniS san@dezedrbybl &qubbus | MERE SEQN. bSPRELET 6aliyg 8VE€Avorable
if filmthickness is uneven in the netal film of

opt and Bl dHaralctbhestike forned first, the film thickness
of the anodi zed portion is uniformand therefore the

cur iatdherfbrbens gan f aypnakhycbei @i ntalded tothgr  uses
spherical, 15 and so the variable focus |ens can be

anPROe W A dauprable ol cafo.char agheLi$hi Capacitor and
Furt hernore, such manufacturi'ng method that uses

nqdizat i h d wi.dely ntal u .
th%agg%%fofgg%dgé%%gﬁgiEgs 5%4 %gcéﬁgéxgﬁééheg%cgbmparat*vely

simbt cg Hig i%hgon’%gog}c\é%x %iggpggﬁgggegfh%tsﬁgoa%eud@n been

t'echnol ogy has al‘ready been

esxPa(b‘?L‘i%gx]teid‘?”thé 50 &éicﬁiro%b'i% ERRY: goi Oy‘ljfeé’sgregardi ng a

variable focus T ens havi ng ccording to
an epbodiment of Lhe present. inysntion. a del cgond, e
a method Tor themantPact ure are S rrp?l‘flﬁ;ed1 aifd PRETM

duct i b f di onparison with
St {He (BB T RENRT I 4 tiBPBELRTEE (71 i1 TRSPREd By ERELOn 2
de%’%%g?agaldgf?r%tﬁ‘}oo fo@ett%%d’ma% 'fQE:%S?é aa{*]g tsnljlgpiljg(ieed()fand the

mass production can be performed in comparison with the case in
which a dielectric film is formed by the wvacuum deposition
method, spin-coat and the like of related art.

In the wvariable focus lens in the above-described Document
2, relative permittivity of the dielectric film is approximately
3 and the film thickness is approximately 3pm.

Cn the other hand, in the variable focus lens according to
an embodiment of the present invention, relative permittivity 1is
appreoximately 27 and the film thickness is approximately 0.18um,
in the case where metal tantalum was ancdized by 100V, for
example. A compconent &/1 in the second term on the right-hand
side of the above Eguation (1) becomes about 150 times. Since
drive voltage becomes 1/VY(e/l}, the drive voltage of the present
invention becomes abocut 1/12 as compared with variable focus

lenses described in the above-mentioned Documents 1 and 2.
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In the variable focus lens in the above-descri bed
Docunment 2, relative permttivity of the dielectric
filmis approximately 3 and the filmthickness is
approximately 3pm On the other hand, in the variable
focus I ens according to an enbodi nent of the present
invention, relative permttivity is approximtely 27
and the filmthickness is approximately 0.18pm in

t he case where netal tantal s anodi zed 1Q0v,, .
for M aRbTE o COmBnaic DT TReERe [SEGorP A B in the
the right-hand side of the above Equationnil) becones
DOGEB® 150 tihedPosi ida® dHISAE voRrthgd'Bédonds Used as the
Il ~(cll), the drive voltage of the present invention
COBTEONEE aBBbET 191 2PaEE EBRPATED T tiFPar Phbl & 5f okiRe as the
. lenses described in the above-nentioned Docunents |
inginkpolve @aggriakapptlelonn ey shREBE 0 F odifs JRRsical diopter
described in the Docunent 2, in the case where salt
frofmtel0fy (Baptas)t e *odRduct ippefpanedi BY pbet HeRvangltage
silicon oil is used as the insulative materi al
of mimcasimathéycha®ige of the spherical diopter from
-100D (Diopter) to +50D is performed by the drive
vol Cagetheof obppr okindt el yadkZdingn ticheant eabolament of the
according to an enbodi nent of the present invention,
pregertthel roasd iwher é ndther | cd 5= sWimtearmatertiled s abionidzar éo the
used for the conductive material portion and the
abavesubati weenat £v1 akthporddmoiycttive cimtngeadf spherdrcabnd the
di opter of approxinmately the sane range can be
ingdEftavee tabyrilel vigowal dragecheofctappeoxifmapbkyi d80V. diopter of

approximately the same range can be performed by drive voltage
of approximately 10V.

Specifically, in a variable focus lens of the present
invention shown in FIG. 5, on applying voltage of 10V between
the first and second electrodes 21 and 24 by the voltage
applying means 40, the spherical diopter can be changed by
approximately 150D in comparison with the state in which voltage
is not applied.

Further in this case, since the formation voltage is 100V,

there is sufficient margin for the dielectric breakdown sirength.

Moreover, 1f the film thickness of the anodized portion is
made small by adjusting wvoltage applied at the time of
anodization, drive voltage is further reduced, enabling drive
voltage of approximately 5V, 3V to cause the change of the

spherical diopter of the same range.
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Specifically, in a variable focus |ens of the present
i nvention shown in FIG 5, on applying voltage of 10V
between the first and second el ectrodes 21 and 24 by
the vol tage applying neans 40, the spherical diopter
can be changed by approximately 150D i n conpari son
wWth the state in which voltage is not applied.
Further in this case, since the formation voltage is

100\k1G.t herendws sufvbi-ehené poegd md:r itthehdicgl @Bkl céntainer
breakdown strength. Mreover, if the filmthickness

100t hacanediizedepantionibssMdewsMahl MY . adj) ust ildie of the
vol tage applied at the time of anodization, drive

ma¥Ok1 A0 4 strféﬂftlf}%rc teducedie enabld ng. drd \ﬁeboml Lagenof rirst
approximately 5V, 3V to cause the change of

c18PPESdLap 1 dhapt %fs thet hensanmeet-ange. ca%% E'nGWrﬁéthé’lﬁa hole
variable focus lens in which the container 10 of th

su¥§£éé€lm.te gh%c%n %Qﬁe@h? tﬂx@td:! lssd %h@a%grg]‘: H}ﬁctrode 21

material of the first e ctro 21 to be used bot

wa&he?nvé]df fy 18! g}%&??&’ee tﬁfef%%%dﬁg Phgof@ IR Ah?ﬁxgt In FIG.

the ace o alner

I d d
o\ ol 5 DT SLECLIPRE 2L B Aat - roroning

t he sane, gynegal gi ven %éthe ortlo ns

ar
%Soer r 88pdiding’ t 8% r%‘ége rerP cP]taﬁlt?trl(éB%t ifiegEot are
Not e t

f t ed. t.th
o on BnEEesy B8 (HE VOTEREE SBRTSTIR nbans o gpltace
f th di zed t 22 f the f t
PRI, 831 T et Setiged on £8 MRTVENy 22 0 f o irst

ele?ctrode 21 has been removed. Alternatively, a convex portion
is provided on a part of the container 10 and anodization is
performed in the state in which this convex portion is not
immersed in anodizing solution, and a portion after removing the
convex portion may be made tc be an area connected to the
voltage applyiﬁg means 40.

In the case of such structure, the film of the first
electrode 21 need not be formed on a part of the surface of the
container 10 of cylindrical shape or the iike by sputtering and
the like, which is advantageous to the productiomn.

Similarly to the example shown in FIG. 6 &as described
above, FIG. 7 shows an example of a structure in which a first
electrode 21 is also used as a container and in which a ring-
shaped 1nsulative material 26, for example, made of an

insulative material is positioned between the surface on the
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is provided on a part of the container 10 and

anodi zation is perforned in the state in which this

convex portion is not imersed in anodi zing sol ution,

and a portion after renoving the convex portion may

be made to be an area connected to the voltage

appl ying neans 40. In the case of such structure, the

filmof the first electrode 21 need not be fornmed on
sedopdréioftide irdacs ofn tivdicent abRehoA020f and the second

cylindrical shape or the like by sputtering and the
elbbkoaaMi h iirS Advantageedsrd 0tﬁ$%rp§ﬂwtdn0|'from the second

Simlarly to the exanple shown in FIG 6 as descri bed

c1880¥&ie FPE  Wishouws: N £X%aIRLeeO0f 8 eStEMCHWE Jn m&e@s is
afirst electrode 21 is also used as a contai ner and

sihP1 WL ﬁn&' ng- V§P§‘Q§ﬁe' pephat g sMeLehil He 2020l Ohayving a
exanpl e, nmade of insulative naterital is positione

bst Jnae §g5£§ n the 18 second el ectrode side of
faan %%%glzedaportlgﬁlQZ and the second electrode 24,

in (_}Lr giggg\:ﬂrﬁ SUC h Q?ngt E@&ét{%ﬁgg Il\e.r S%C SJ_milarly

electro e ructure e pro

to P ggesgx :“§|gggw% %g agﬂ% Céanhabl qusb%ﬁnfh%gg drive

be nade avor a araéien
ases | |ch tho e structures are .use siml arl
vof B s D r e b roRpet £t bregLaaFﬁéivértth @ there

5 e can be yreduced ji,n.,conparison wt
re?%ﬁexfégﬁé%qgﬁae?ﬁergﬁan TH PRt | R §§tfh%t breakdown
suff|C|ent dielectric breakdown strength can be

str oa[ﬂgéclhn be cbtained.

As explained above, according to the variable focus lens
and the method of manufacturing the same according to the
embodiment of the present invention, since an anodized portion
formed by the anodization is used as & dJdielectric film, the
manufacturing method is simplified and the film thickness can be
made thin in comparison with the case in which the fiim is
formed by the vacuum deposition method of related art.
Accordinglx, since the thickness of the dielectric film can be
reduced and a material having higher permittivity can be used
without difficulty, drive voltage to obtain desirable change of
the focal distance (change of the spherical diopter) can be
reduced greatly in comparison with related art. Further, since
the film can be formed accurately with the uniform thickness
using a simplified manufacturing method in comparison with

related art, deterioration of the optical characteristic caused
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As expl ai ned above, according to the variable focus

l ens and the nmethod of manufacturing the sane

according to the enbodi ment of the present invention,

since an anodi zed portion formed by the anodi zation

Is used as a dielectric film the manufacturing

nmethod is sinplified and the filmthickness can be

made thin in conparison with the case in which the
byt ifha i gevIMase L t hlee vdddom depdsiets oranetitodavbided, and

related art. Accordingly, since the thickness of the
fugtkeect the fetenrgamnche of educethlarid aismtoenitablhadj ngr the

hi gher permttivity can be used wthout difficulty,
ingtigmce/obf ageet piohtls ncalesbe abveiddhnge ofe thee foicate the

di stance (change of the spherical diopter) can be
copedunead igr eatdey of nac oirparlissdivewnbherednt ed art.

Further, since the filmcan be forned accurately with

t he Tmisf,ortth¢ hirekiesls: Ostng aefbnMplithi ed favorable optical

manuf acturing nethod in conparison with related art,

chated @trd rarsatiiconnofhidte dfifvieCalo1eharacs efdfidet ¢causgd dfovided.

by the unevenness of the filmthickness can be

avoitted vagndpiertdars ltche @%@Hkﬁﬁﬂ%etcpftl"é RBRAk Bk of the
controlled, or the influence of the pinhole can be

préyoitdadvienttibe, casa,her etihe v@@ﬂ&@é N&n ig%e%ﬁ? Bf Alhuced
i nsul ative material. Thus, the variable focus |éns

in Wdochiparfaugr able optig@ly Gharactefi st Ca}!:gﬁi‘é%:i CBo  various

drive voltage is reduced can be provided.”” T

optvididiabls; feus s saccor di Loy 4:hg embodi ent. of the .o
present invention, in which drive voltage can greafﬁy

inRRdigdeced chd Gparison with related art, can be
applied to various

For example, the above lens can be used as a small
variable focus lens in a mobile phone unit with a camera
functicn, in a small camera, in a small imaging device and the
like.

Further, in optical disc devices which perform recording
and/or reproducing of various optical discs represented by a CD
(Compact Disc), DVD {Digital Versatile Disc), BD
(Blue-ray Disc™) and the like, the above lens can be used as an
aberration correcting element and a collimator lens with
variable magnification.

Particularly, in an optical recording device which uses a
multiple-wavelength light source compatible with those various
optical discs, the focal distance of a collimator lens needs to

be variable, and as described above, because drive voltage can
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optical devices that use a small variable focus |ens
that was inpossible in the past. For exanple, the

above lens can be used as a small variable focus |ens
in a nobile phone unit with a camera function, in a
smal | canera, in a small imaging device and the |Iike.

Further, in optical disc devices which perform

recording and/or reproducing of various optical discs
gre@pl gspat eddbyea € theowRaet iR sk chD¥Dvabighlal focus lens

Versatile Disc), BD (Blue-ray DiscT5) and the I|ike,

actBecaboveo! ens canochemssedofstAl pRREERAt i@Rention is used,
correcting elenent and a collimtor lens with

th¥a$h§b£§ié“EHHJdfﬁgﬂénbanP@Etb@Hﬁ@féyalIJ‘éVnyg%ﬂ@akor these
recordi ng device which uses a nultiple-wavel ength

opki B8R KOUIGe conpatible with those various optica
di scs, the focal distance of a collimator |ens needs

to e oariahle and a§%gﬁé&5' hed aboy, rl%%%US%ogB%velens,

vol tage can 20 greatly reduced in the case in

d nt, .of
esgﬁﬂ@qéfi ngoqgﬁxhﬁﬂ§: §£f§g§¥ ng&he Varlg%ﬁo #ocuglgﬁ when

e present i nvention i s use

dlggﬁgEé¥H§ b%h%ogﬁﬁegl%b%% aW9L&9bH§ f 'f%ﬁ% ggﬁgagégﬁgd there

deV|ces "Not e spect

| ] | ect.
is ﬁ”s mgrﬁﬁ%ia bYabls GPRE I hie Hiher® c BhETRptT onopgantages
s no. npechani cal _novabl e

ot LT Eo, tahd Ls%f?hje?ecoé?p@réa\‘?ﬁnf’éb}ésa variiple tocus ens of

related art which is moved by a motor; only a small space being
required because the motor is unnecessary; and being provided as
an autofocus mechanism with a simplified structure in an optical
device. However, as described above, in a variable lens of
related art, drive voltage was high and a voltage boosting
circuit was needed when applied to the optical device described
above or tc various other optical devices.

On the contrary, according to the embodiment of the
variable focus lens of the present invention, because drive
voltage tc obtain desirable change of spherical diopter can be
reduced to approximately 10V or less, application to wvarious
optical devices becomes possible without installing a voltage
boosting circuit, and a variable focus lens having wvarious
advantages described above can be used with a comparatively

simplified circuit configuration.
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of: having long life in conparison with a variable
focus lens of related art which is noved by a notor;
only a small space being required because the notor
i s unnecessary; and being provided as an autofocus
mechanismw th a sinplified structure in an optica
devi ce. However, as described above, in a variable
lens of related art, drive voltage was high and a
vol tagestbodst ity urclarciticbdway needed skwhebeapphi edet art that
the optical device described above or to various
vapibes oplddddlcdevoees. Gambhaacomid arysubeeordimgr ks  and
t he enbodi nent of the variable focus |ens of the
al PELSENdnd MeBNLcOOr BEeSaMSEnHrdnY @esYght 8ggul L@@l Bnd other
desi rabl e change of spherical diopter can be reduced
fatOoBPPLaxbrBt ehy ANy, 0k rlkessir1aRPldHeatd Qibd 0o ¥ akhOUSppended
opti cal devices becones possible without installing a
cl¥phd age tHRoeshi g1 &ht S Uideory¥d a variable focus |ens
havi ng vari ous advantages descri bed above can be used
Wth a conparatively sinplified circuit
configuration. 21 It should be understood by those
skilled in the art that various nodifications,
conbi nati ons, sub-conbi nations and alterations nmay
occur dependi ng on design requirenents and ot her
factors insofar as they are within the scope of the
appended clains or the equivalents thereof. 22 What
is clainmed is: 1. A variable focus | ens conpri sing:
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a cylindrical container in which a conductive liquid
material portion and an insulative liquid nmateri al
portion are contained; a first el ectrode which
applies voltage to said conductive |liquid materi al
portion through a dielectric layer; and a second

el ectrode which directly contacts with said
conductive liquid nmaterial portion, wherein said
dielectric layer is yppranedizedndorid.on nade of a
nmetal oxi de formed by anodizing at |east a part of

sai di, finr shrebsedraders denthecysri ale focus lens
according to claim1, wherein said container is made

of ap iNguhatt ¥g) Mteiaher SALA JHilp! &l €LIIQAR LS 1iquid

forned to the outside fromthe internal wall of said

' GOVver n t t:h . an i
eaEBBLE i S S NI LB Ba el o2l oz
CO#gng | wall side of said container. 3. The vari abl e

ocus I'ens according to claim1, wherein said

cont ainher_ i nage f tal, and 23 a part .of sai.d .
contai'ner i SHmie o Be Thahi 18t Erectiode and sennetive

.| east art thereof i.s anodized ;o be. sai_.d anodi zed
1igGET st AL rRETL AT 1S Hhcs T BhEC Bt ARG £ 6781 ai m
1, wherein gai caont aj ner hqf %ylindaical shape, and ,
; a,g8gcon electrode whic irectly contacts with said
i ncl®ud
conductive liquid material portion,
wherein said dielectric layer is an anodized portion made

of a metal oxide formed by anodizing at least a part of said

first electrode.

2. The variable focus lens according to claim 1,

wherein said container is made of an insulative material,

said first electrode is formed to the outside from the
internal wall of said container, covering one end portion
thereof, and

said anodized portion is formed on the surface on the

internal wall side of said container.

3. The wvariable focus lens according to claim 1,

wherein sald container is made of metal, and
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light-transm ssible material portions arranged on both
end portions thereof. 5. The variable focus Iens
according to claim4, wherein said insulative liquid
material is arranged facing one of said

light-transm ssible material portions wth a water-
repellent material portion in between. 6. The vari able
focus lens according to claim4, wherein said

conduelirvecki guig smterial: s ALsanged.d agidg kheelect rode
ot her of said light-transm ssible material portions

and LR Qaa@!dﬁpppéﬁﬂCtﬂ@%@ﬁfaksp%ﬁBh@Qe&PtBeﬁﬂﬁeﬂ%hy'anodized

The vari abl e focus | ens according to claim4, ereln
pos@d &4, second el ectrode is a ring-shaped el ectrode
arranged on the end portion of said container in
contact with said conductive liquid nmaterial. 8. The
vari abl e focus |l ens according to claim1l, 24 wherein

said first _electro is fornmed b sing netal selected
Rt SR8l ySLEAH MR LR B R e o TR Qi °F)

titanium 9. opti cal device conpr.ising; a variahl e
f ocdBer BhE S e Gase X s Sy TR ed SaaRe a il i ludes
whi ¢h conduct.ive Liquid terial, portion and an
| nsORRFy R 1 TS LEREFR AP “ b0k (O LGP SEBATST et bgth end
first electrode which applies voltage to said

POt BT £PGES°Y i qui d material portion through a
di el ectric layer; and

5. The variable focus lens accerding to claim 4,
wherein said insulative ligquid material is arranged facing
one of said light-transmissible material portions with a water-

repellent material portion in between.

6. The variable focus lens according to claim 4,
wherein said conductive liquid material is arranged facing
the other of said light-transmissible material porticns with a

hydrophilic material portion in between.

7. The variable focus lens acceording te claim 4,
wherein said second electrode is a ring-shaped electrode
arranged on the end portion of said container in contact with

sald conductive liquid material.

8. The variable focus lens according to claim 1,
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a second el ectrode which directly contacts with said
conductive liquid material portion, wherein in said

vari able focus lens, the dielectric layer is an

anodi zed portion nmade of a netal oxide formed by

anodi zing at least a part of said first el ectrode.

10. The optical device according to claim9, wherein

said container is nmade of an insulative material,

sai dyfddesitn ekecdr adests f1uuredato therguhsh def romtdhenetar
internal wall of said container, covering one end

se@@&ﬁé@nfrcinhQ:ra@lea'luﬁndaﬁﬁﬁi@qﬁﬂowiéﬁqluiHPrﬂiﬁﬂdnﬁ afngir e anium.

on the surface on the internal wall side of sa

container. 11. The optical device according to claim
9, 25 wherein said container is made of a netal, and

at lgash,a,paris pfgsaid Egﬁﬁﬁ%éE%gJ s anodi zed to be
' 12. '

sai d ~anodi zed portion. e optical device

accal g19.h0.CEALM SeMersll sl gontainer incl udes
Si e

light-transms mat erial portions arranged on

both e ' thereof. 13. The .optical deyice .
acc%r d:gg?égﬁég%?%?mé%%ta\%ﬁ%]feilnn satl"zl(?1 c|?]nsfhl acfcfnv&éuci%ildrﬁi glquid
terial i.s arranged faci .one .of sagid : .
METELHRL (USRS 1S eanrraltnesr“iqgltlﬁgr tlilg}%%gmin?ﬁeﬁl%t gprtion are
rg§$lu§nt material portion in between. 14. The optical
CONRAEE ‘according to claim 12,

a first electrode which applies voltage to said conductive
liquid material portion through a dielectric layer; and

a second electrode which directly contacts with said
conductive liquid material portion,

wherein in said variable focus lens, the dielectric layer
is an anodized portion made of a metal oxide formed by anodizing

at least a part of said first electrode.

10. The optical device according to claim 9,

wherein said container is made of an insulative material,

said first electrode is formed to¢ the outside from the
internal wall of said container, covering one end portion
thereof, and

said ancdized portion is formed on the surface on the

internal wall side of said container.

11. The optical device according to claim 9,
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wherein said conductive liquid material is arranged

facing the other of said light-transm ssible materi al

portions with a hydrophilic material portion in

bet ween. 15. The optical device according to claim12,

wherein said second electrode is a ring-shaped

el ectrode arranged on the end portion of said

container in contact with said conductive liquid

mat ethHealeinlfaidheopiircal idemkeée @tcorditng,tengl ai m 9,

26 wherein said first electrode is formed by using

met adt sekect edpfrom{ antial Ubht Al nkE NEManRd@bEdMo be said

haf nium and titanium 17. A method of manufacturing a
anvya@lt@blerteeys | ens, at [|east conprising the steps

of: formng a first electrode to a contai ner and

anodi zing at |east the surface thereof to forman

anodi zed portion; containing a conductive liquid

mat eni, alrnBost i A9k AR ARl AU AL dd Auhdnmyf eri al
portion in said container; and formng a second

ele%%%?@?ntr“gafa eCEBhEé&Aé&-COEHHﬁﬁéeé‘J %ﬁ%hgéfﬁ%EFTﬁSSible

conductive liquid naterial portion.

uhaghugi f Ldj .

o RS 00 5o 5 LT 000 0
electrode material, and at |east a part of said
container is anodized to formsaid anodized portion.

19.1§hengt qg of. nangfacturngn% %riﬁble {?cus | ens

lcal déviceé adcor clalim .
wherein said insulative liguid material is arranged facing
one of said light-transmissible material portions with a water-

repellent material portion in between.

14. The optical device according to claim 12,
wherein said conductive liquid material is arranged facing
the other of saild light-transmissible materizl porticns with a

hydrophilic material portion in between.

15. The optical device according to claim 12,

wherein said second electrode is a ring-shaped electrode
arranged on the end portion of said container in contact with

said conductive liquid material.

16. The optical device according to claim 9,
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according to claim17, wherein said first electrode is
formed by using netal selected fromtantalum
al um num ni obium hafniumand titanium 27

wherein said first electrode is formed by using metal

selected from fantalum, aluminum, niobium, hafnium and titanium.

17. A method of manufacturing a variakle focus lens, at
least comprising the steps of:

forming a first electrode to a container and anodizing at
least the surface thereof to form an anodized portion;

containing a conductive liquid material portion and an
insulative liquid material portion in said container; and

forming a second electrode that electrically conducts to

said conductive liquid material portion.

18. The method of manufacturing a variable focus lens

according to claim 17,
wherein said container is made of an electrode material,

and at least a part of szid container is ancodized to form said

anodized portion.

v

12. The method of manufacturing a wvariable focus lens

according to claim 17,
wherein said first electrcde 1is formed by using metal

selected from tantalum, aluminum, niobium, hafnium and titanium.
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